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Hydrocephalus is defined as an active distension of the ventricular system resulting from inadequate passage of cerebrospinal fluid (CSF) from its point of production within the ventricles to its point of absorption into the systemic circulation.\[[@ref1]\] A recent study revealed that pediatric hydrocephalus results in 38,200--39,900 annual hospital admissions, with total hospital charges of 1.4-2 billion US dollars. Hydrocephalus accounts for 3.1% of all pediatric hospital charges.\[[@ref2]\]

Shunt placement has been the standard treatment for these patients. The risk of shunt malfunction is relatively high ranging from 25% to 40% following the first year of shunt placement, followed by a 4%--5% increase every year.\[[@ref3]\] Hence, shunt failure is almost inevitable during a patient's life. In view of this near inevitability of shunt failure, endoscopic third ventriculostomy (ETV) is now considered as an advancement for the patients who present with shunt malfunction.

The aim of this study was to evaluate ETV as a viable option in patients with shunt malfunction and to correlate the clinical outcome following successful ETV with the functional and radiological outcomes.
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All consecutive patients who underwent ETV as a diversion procedure for hydrocephalus following shunt failure or malfunction from January 2014 to February 2015, were included in the study. Patients with coagulopathies or those who underwent ETV as the primary drainage procedure were excluded from the study.

These patients were evaluated for symptoms and signs of raised intracranial pressure by clinical examination and investigations preoperatively and postoperatively. Signs such as neck stiffness, cerebellar signs, and focal neurological deficits were also elicited. In all patients, the evaluation of the cause of the shunt failure was carried out.

Preoperatively, various radiological parameters such as effacement of gyri, periventricular lucency, frontal horn diameter (maximum), Evans' index, and third ventricular diameter were studied and were compared with the immediate postoperative and follow-up period imaging. All the patients who were involved in the study were also functionally evaluated by a Wee function independence measure (WeeFIM) score for functional status in preoperative period and in follow-up period after 6 months.\[[@ref4]\]

The statistical analysis for continuous variables was carried out using Student's *t*-test or analysis of variance. For preoperative and postoperative categorical data, comparison was carried out with McNemar's test. Functional status, which was measured using the WeeFIM scoring, was compared preoperatively and postoperatively using the Wilcoxon signed-rank test. All tests were two-sided, and *P* value \<0.05 was considered as significant.
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A total of 15 patients of hydrocephalus underwent ETV during the 12-month study. All these patients were initially managed with shunt placement and subsequently presented with shunt malfunction. The age of the patients ranged between 11 months and 35 years with a mean age of 10.5 years. Of the seven patients who were less than 15 years of age were considered as pediatric age group and the remaining eight were considered as adult patients. A total of 86.6% patients were male (13/15). Hydrocephalus in these patients was due to various reasons such as congenital hydrocephalus, Dandy--Walker syndrome, posterior fossa space occupying lesions, and post-tuberculosis (TB) meningitis \[[Figure 1](#F1){ref-type="fig"}\].

![Etiology of hydrocephalus in study group, SOL = Space occupying lesion, LLTC = Low lying tethered cord](JPN-14-65-g001){#F1}

Of the 15 patients, 61.5% were shunt free following ETV (8/15). Of the seven patients not considered successful, two were lost to follow-up, and in another two, the procedure had to be abandoned due to severe ependymal inflammation (one patient, 6.6%) and poor anatomical details during neuroendoscopy (one patient, 6.6%). The rest three had failed procedure and needed a repeat shunt placement within a mean of 8.2 days (early failure). No delayed failures in our study group were observed up to a mean follow-up of 10.38 months.

Functional assessment was carried out by comparing preoperative WeeFIM scores to the score in the follow-up period. The mean improvement was 6.23% with a range of 0%--17.8% \[[Figure 2](#F2){ref-type="fig"}\]. The mean improvement in the self-care and motor control component of the functional score was 4.05% and 1.33%, respectively. The mean improvement in the cognitive component of the functional score was 16.49% \[[Figure 3](#F3){ref-type="fig"}\].
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The factors, which showed statistically significant correlation with the outcome of ETV, included age, preoperative functional score (WeeFIM), and all the three components of the functional scoring, namely self-care score, motor control score, and neurocognitive score \[[Table 1](#T1){ref-type="table"}\].

###### 

Functional predictors of outcome of ETV in post shunt failure patients

  Parameter                              *P* value
  -------------------------------------- -----------
  Age                                    0.030
  Wee FIM total score                    0.030
  Neuro-cognitive component of Wee FIM   0.030
  Self care component of Wee FIM         0.011
  Motor component of Wee FIM score       0.030

Radiological data were evaluated in all patients with the help of computed tomography/magnetic resonance imaging (CT/MRI) carried out preoperatively and in the immediate postoperative period. In patients who improved following ETV alone, six patients were evaluated with follow-up imaging at 6 months to 1 year after the surgery. Parameters such as Evans' index, maximum frontal horn diameter, and third ventricular diameter showed no significant difference between preoperative and postoperative scans. In follow-up imaging (at least after 6 months), only the frontal horn diameter showed a significant improvement (*P* = 0.047). Rest of the factors, which were studied, did not show significant impact on the outcome \[[Table 2](#T2){ref-type="table"}\].

###### 

Parameters that did not significantly predict outcome after ETV

  Predictors of Outcome                                        *P* Value
  ------------------------------------------------------------ -----------
  Sex                                                          0.715
  Preoperative Glasgow Coma scale (GCS)                        0.071
  Preoperative Radiological Parameters                         
   Evans Index                                                 0.171
   Maximum Frontal Horn Diameter                               0.284
   3rd Ventricular Diameter                                    0.127
   Effacement of Gyri                                          0.123
   Periventricular Lucency                                     0.212
  Intra Operative Complications                                0.928
  Post Operative Glasgow coma Scale                            0.151
  Period for which patient is in Ventriculo Peritoneal Shunt   0.502
  Number of Shunts done before ETV                             0.198
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ETV has greatly progressed due to refinement of neuroendoscopic techniques and the optics since the time it was first described by Sayers and Kosnik\[[@ref5]\] in 1976. Modern endoscopes with their fiber optics and advanced light sources allow for excellent resolution of ventricular anatomy and safe fenestration of the floor of the third ventricle.

Studies have reported an overall ETV success rate of 52%.\[[@ref6]\] ETV also has a higher proven efficacy in the management of obstructive hydrocephalus with success rates of 82% and 76.7% in adults and children, respectively, as indicated in the studies by Boschert *et al.*\[[@ref7]\] and Cinalli *et al*.\[[@ref8]\] The need of prompt follow-up in the first year following the ETV is also indicated by various studies because of a high failure rate in the first month following the procedure and increasing number of ETV failures in first year following surgery.\[[@ref2]\]

In our study, the success rate was 61.5% (eight successful ETV of 13 secondary ETV preformed and two patients were lost to follow-up and their outcome was not included) and was comparable with the outcome of previous studies.\[[@ref9][@ref10][@ref11]\] Of all the 15 patients involved in the study, in two patients (13.3%), the procedure was abandoned in view of poor anatomical landmarks and severe ependymal inflammation. A total of 26% of ETV abandoning rate is described in a study conducted by Brockmeyer *et al*.\[[@ref12]\] over 98 patients for various reasons such as unfavorable anatomy, hemorrhage, and inability to perform cisternostomy, but most of the cases in this series underwent ETV as a primary diversion procedure and no specific data could be found on the rate at which the procedure was abandoned in patients of secondary ETV.

Among multiple factors that were thought to effect the outcome of ETV in various studies, a special consideration was given to age of patient and etiology of underlying pathology. The review of some studies suggested that the clinical response to ETV is different in children compared to that in adult population secondary to the age of onset, CSF dynamics, and changes in viscoelastic properties of the brain parenchyma.\[[@ref8][@ref13][@ref14]\] The success rate of ETV in children with less than 2 years of age ranged between 0% and 83% with a mean success rate of 47.8%, which was significantly less than the success rate in adults, which was up to 75% in obstructive etiologies.\[[@ref15][@ref16]\] In our data, seven patients belonged to the pediatric age group, of these four had failure of procedure, and hence a success rate of 48.5%. Among these four patients, three were less than 2 years of age, which mirrored the results of previous studies.

The role of primary ETV in children for different types of hydrocephalus has been elaborated in literature. Children with congenital or acquired aqueductal stenosis have a good outcome ranging between 70% and 90% in the long term.\[[@ref17][@ref18]\] ETV, in patients with posterior fossa tumors, has a success rate of more than 90% either as a temporary or permanent measure for the treatment of hydrocephalus.\[[@ref19][@ref20][@ref21]\] ETV in children with hydrocephalus with postinfectious etiology has a lower outcome than when it is carried out in patients with noninfectious etiology possibly due to adhesions and scarring in basal cisterns.\[[@ref22]\]

Outcome for hydrocephalus following TB meningitis is better than the ventriculo-peritoneal shunt placement as the risk of shunt failure is very high.\[[@ref23]\] Also the outcome of secondary ETV is much better than when it is carried out as a primary CSF diversion procedure with a success rate of 71% and 27%, respectively.\[[@ref22][@ref24]\]

Etiology had shown no statistically significant impact on the outcome in our study, probably, because of a very small sample size, and we support the idea of the need for further study with a larger sample size.

In our study, of the 15 patients who underwent ETV following shunt malfunction, three patients had undergone repeated shunting, and the highest number of shunts in a single patient was three and the mean time for which the patients were on shunt was 3.4 years. The results in our study also showed no statistically significant correlation with the outcome of the ETV.

Most importantly, all the patients who underwent secondary ETV were evaluated for the preoperative and the postoperative functional status and this functional outcome was compared with the clinical improvement in all the patients. This functional assessment was conducted using the WeeFIM scoring system (maximum score of 126). It is a functional score, which is obtained with the sum of three other scores, which include self-care score, motor control score, and neurocognitive score. This is an objective scoring system, which is easy to perform and is effective in evaluating the functional capabilities of the patient and the quality of life based on the final score. No study was found till date, which used WeeFIM functional assessment in the patients who underwent a diversion procedure for hydrocephalus.

Preoperative functional assessment that was performed with WeeFIM scoring showed a significant correlation with the outcome. A similar correlation was also found with the neurocognitive component of the WeeFIM score, which was comparable to the functional improvement in patients who underwent shunt placement following ETV failure. The neurocognitive abilities of children significantly improved following ETV allowing a better development, and hence an enhanced quality of life. These findings should be correlated with the functional outcome after a longer follow-up as the duration of follow-up was only 6--14 months in this study.

All the patients in the study underwent either CT or MRI in the preoperative period, and ventriculomegaly, periventricular lucency, and effacement of gyri were present in almost all of them. Evans' index (mean, 0.399), maximum frontal horn diameter (mean, 2.13), and maximum third ventricular diameter (mean, 1.633) were calculated in all the patients, which showed no significant correlation (*P* value being 0.083, 0.081, and 0.718, respectively) with the outcome, but their role in predicting the outcome cannot be ruled out in view of small sample size in our study.

In 75% of the patients who clinically improved following ETV alone, follow-up imaging showed a significant improvement in the maximum frontal horn diameter (*P* = 0.047), whereas parameters such as Evans' index (*P* = 0.518) and third ventricular diameter (*P* = 0.274) showed insignificant improvement unlike many previous studies.\[[@ref25]\] All the patients with clinical improvement concurrently had radiological and functional improvement but their correlations can only be established after a larger study is conducted.

In spite of limitations of small number of patients and a short period of follow-up, our study portrays the experience at our institute with secondary ETV, and along with other studies, it supports ETV as a viable option in patients with shunt malfunction.
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ETV when performed following shunt malfunction helped 61.5% of the patients to become shunt independent as observed over a mean follow-up of 10.8 months. All the failures occurred in the first month following the procedure. Age and preoperative functional status were found to be significantly correlating with the outcome. The sex, etiology, duration for which the patient is on shunt, number of shunts undergone earlier, and radiological parameters including Evans' index, maximum frontal horn diameter, and third ventricular diameter did not influence the outcome to a level of statistical significance. In patients with a good clinical outcome following surgery, there was a significant improvement in the maximum frontal horn diameter. ETV leads to significant neurocognitive improvement and postoperative functional status making it a viable option in patients who present with shunt malfunction.
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